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Climate change is one of the most serious problems that humans
face today, but until now progress in stopping it has been slow.
Climate simulations show that Earth will only stop warming when
we reach “net zero” emissions. This means that carbon dioxide (CO2)
emissions are cancelled out by an equal amount of greenhouse gas
removal from the atmosphere. Worldwide e orts to achieve net zero
emissions by 2050 are necessary to avoid some of the worst e ects
of climate change. Achieving net zero will require huge changes
to our society. While there are some things we can all do to fight
climate change, the biggest changes need to come from the way
our businesses and countries are run, where we get our energy from,
how we travel, and how much “stu ” we consume and waste. By
taking urgent action, we can ensure the future well-being of billions
of people worldwide.
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reach net zero by 2050
(purple) or by 2075
(green). Our current
trend is shown in blue.
The pledges made by
countries in the Paris
Agreement are not
currently enough to
meet the 2050 target
and will result in around
3◦C of warming by the
end of the century.
OUR FUTURE CLIMATE
In 2015, almost every country in the world signed up for the Paris
Agreement. The aim of this agreement is to limit global warming
by keeping the world’s average temperature increase to below 2◦C
(and hopefully only 1.5◦C) above the average temperature of the
late Nineteenth century. This level of warming sounds small, but it
could cause big problems. Scientists know that climate extremes like
floods, heatwaves, and droughts become more likely and worse with
more warming. These weather events can lead to crop shortages and
increased food prices, which could cause more people to go hungry.
Sea levels will rise because of melting land ice and the expansion of
warmer ocean water. This will put millions of people in coastal cities
and small islands at risk. The more warming that occurs, the greater
these impacts will be. Every tenth of a degree matters.
The planet has already warmed by 1.2◦C since the late Nineteenth
century and the e ects have already been felt. To have a good chance
of keeping global warming below 1.5◦C, we need to reduce our
emissions of carbon dioxide (CO2) by half by 2030, and then reduce
emissions to zero by 2050 (Figure 1). These are ambitious targets
that require urgent and wide-ranging changes in our society and
economy. The pledges made by countries in the Paris Agreement are
not currently enough to meet these targets and will result in around
3◦C of warming by the end of the century (blue line in Figure 1).
The good news is that the future climate change we see is mostly
based on the choices we make today. However, these choices are
not easy, and the speed at which we must change our world to limit
climate change is unlike anything we have seen before.
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Most human activities involve burning fossil fuels for energy, which
releases CO2. In 2019, we emitted 42 billion tonnes of CO2. Despite the
coronavirus crisis, emissions only dropped by 7% in 2020 [1]. Moving
to renewable energy sources (such as wind turbines and solar power)
and switching road vehicles from petrol and diesel to electric power
will help us reduceCO2 emissions. In addition, wemay need to remove





Reaching net zero emissions globally—which means that we remove
NET ZERO
EMISSIONS







from the atmosphere the same amount of CO2 that we emit–will take
individual and collective action.
WHAT CANWE DO?
There are several things you can do as an individual to reduce your
impact on the climate. The amount of CO2 that each one of us




gases released to the
atmosphere as a result





On average, each person in the world emits 6.7 tonnes of CO2 per
year, but this varies widely within and between countries. Generally,
richer people in richer countries are responsible for most of the CO2
emitted. Research has shown that the amount of energy required to
live comfortably is in fact quite low [2]. If everybody in the world
had this same comfortable standard of living, it would result in an
improvement in quality of life for billions of people in the developing
world, but would require rich people and rich countries to consume
and waste less.
Towns and cities should be designed to be more friendly to walking,
cycling, and public transport. Changing the way we travel is the most
powerful action we can take to reduce our carbon footprints. For
example, living car-free can save up to 5 tonnes of CO2 emitted per
person every year [3], and it is also good for your health and the local
air quality. A long-distance flight adds a lot of CO2 to the atmosphere.
This can be reduced by taking a train whenever possible or by going
on holidays closer to home. Towns should have good transport links
and be built or modified to be more energy ecient, so that they are
easier to keep cool in the summer and warm in the winter.
We can also reduce our impact on the climate by being careful
where we spend our money. Try to buy only from companies that are
sustainable and do not compromise the environment. For example, try
to buy electricity from a provider that uses 100% renewable energy.
Renewable energy companies get their energy from solar panels and
wind turbines. Switching on the lights and heat at home only when
necessary also helps reduce our emissions—and our bills! Eating less
meat (especially beef) and dairy and avoiding food waste are also
powerful individual actions that can save up to two additional tonnes
of CO2 emissions per person per year.
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Individual actions will only go so far, and we should not feel badly if
our lifestyles do not allow some of them. For example, not everyone
can a ord an electric car or to put solar panels on the roof. However,
remember that your actions can inspire others. Use your voice! Talking
about climate change with your friends, family, and classmates really
helps to raise awareness and drive further action.
Large businesses, city/state leaders, and national governments are
the organisations that can make the big changes we need. How
do we influence them? There are multiple ways to make elected
governments hear your voice. Educate yourself on the climate
commitments for each candidate or political party in your town, city,
or country. Discuss climate issues with the adults in your life, because
this may help influence the way they vote. And use your vote when
you are old enough! Even if you are not old enough to vote, you can
have a huge influence. The #Fridays4Future school strike movement,
started by then 16-year-old Greta Thunberg, helped communicate
some of the anger that young people are feeling about inaction on
climate change.
Mass protests around the world have raised awareness of the climate
crisis in the political arena. Many local and state governments have
now acknowledged the issue and declared a “climate emergency”
that requires urgent action. Collective action has been shown to be
very useful. It is only at the society level that we will be able to make
changes for a better future.
At the national level, countries are making transitions toward clean
energy sources and pledging to become net zero (Figure 2). These
countries must quickly reduce their emissions of greenhouse gases,
and unavoidable emissions (like those from aeroplanes) should be
balanced by negative emissions. Whether the world is ultimately
successful at reaching net zero by 2050 depends on making sure
more countries commit to their own targets and work hard to
achieve them.
CAN NEGATIVE EMISSIONS REVERSE CLIMATE
CHANGE?
There are two reasons why we might try to remove CO2 from the
atmosphere. First, the total warming the Earth has experienced is
closely related to the total amount of CO2 that has ever been emitted
[5], so there is a possibility we might be able to reverse warming in
the future, with net-negative emissions. The second reason relates to
net zero emissions: it is hard to avoid CO2 emissions caused by some
activities, like flying. While we need to reduce the amount we fly, it is
unlikely that we will stop flying completely in the future, so we need a
way to “cancel out” the positive emissions from flying.
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Figure 2
Figure 2
Target dates to become






to become net zero by
2045 or 2050. Small
island states have
proposed legislation to
achieve net zero by
2050 (Data from [4], last
updated in December
2020).
There are several nature-based and human-created ways to remove
CO2 from the atmospherewhere it a ects climate. Some examples are
shown in Figure 3. One idea is to capture and bury CO2 underground
in unused oil wells and geological formations, storing it away from




by which CO2 is taken
from the atmosphere
and stored in a safe
location (like geological
formations) where it is
not harmful for the
climate system or
the ecosystems.
Planting trees is a good idea too, because trees suck up CO2 and
release oxygen when they perform photosynthesis. We could even
grow trees to burn for fuel (instead of using fossil fuels), and then
capture the CO2 that is released. This is known as bio-energy with







planting trees to later
burn them, generating
a lot of energy. The
CO2 released in the
process is captured and
kept away from the
atmosphere
method because the carbon in the tree material was already in the
atmosphere, and then we capture and remove it. BECCS has the
potential to remove about a quarter of our current total emissions by
2050. CO2 can also be “vacuumed” directly from the atmosphere and










amounts of air and
storing
CO2 underground.
Trees naturally remove CO2 from the atmosphere, so planting more
trees and could cancel out another 5.5 billion tonnes of CO2.






and store it in the soil.
the atmosphere and store it in the soil. Burning trees and plants in the
absence oxygen also helps to store CO2 in a solid form for thousands
of years, keeping it away from the atmosphere. The resulting product
is called biochar. Although a large amount of CO2 is released in
the biochar process, it still might be a powerful source of negative
emissions in the medium-to-long term. Biochar can also be used as a
fertiliser to help crops grow.
There are several drawbacks to these methods of removing CO2 from
the atmosphere. DACCS technology is currently very expensive and
uses a lot of energy. Solutions based on trees and plants require
lots of land, which is limited and could reduce the amount of land
available to grow food. Food shortages could increase food prices
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2050. Units are billions
of tonnes of CO2 per
year (Adapted from
Minx et al. [6]).
and more people could go hungry. Successfully removing carbonBIOCHAR
Waste product
obtained by burning
trees and plants in the
absence of oxygen.
from the atmosphere will require cooperation between countries and
people, and the willingness of governments to make big, expensive
investments in carbon-capture technologies.
Even if all the potential negative emissions methods were used, they
still would not be enough to reach net zero CO2 with our current
emissions of 42 billion tonnes per year. Therefore, negative emissions
are not a miracle cure—we still need to reduce our emissions in other
ways, too.
It is up to us whether we avoid the worst consequences of global
warming. Talking about climate change is the most e ective way to
get everyone on board. We all need to work hard to achieve net-zero
by 2050 at the individual and collective level. Remember: every tenth
of a degree matters!
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